Abstract-This paper investigates the libration stabilization control of a partial space elevator system with a moving climber in circular orbits. The system is described by a modified two-piece dumbbell model. The model consists of one main satellite, one climber and one end-body connected by two straight, massless and inextensible tethers. The climber and the end body can move along the tether. The libration motion and the tether reeling motion are separated. And a reel rate function is obtained by analyzing the equilibrium state of the libration motion, based on the which an analytical control scheme is designed. Using the sliding mode control law, the proposed control scheme can be implemented effectively and robustly. The results of numerical simulations show that the proposed control scheme has good performance in keeping the stable of the climber's transfer of a partial space elevator satellite system. Furthermore, the proposed libration suppression control can be realized by using tension control only.
INTRODUCTION
Partial space elevator system is a partial space elevator system which is a typical tethered satellite system (TTS) [1] [2] [3] [4] [5] [6] where a middle body (climber) can move between the main satellite and end body. One difficulty associated with such system is to suppress the libration of the climber and the end body [7 -9] . The libration is intrinsically unstable due to the Coriolis force produced by the moving climber. The Coriolis force could lead to the tumbling of the partial space elevator system [9, 10] . Moreover, by the end of the transfer period, the magnitude of the final libration angles of the climber and the end body apart from the equilibrium point should be limited so that the system can work in a general stable condition after transferring. Otherwise, additional energy consumption is required to stable the system [7] . Thus, the suppression of such system is critical for a successful climber transfer mission and making sure of the stable working state [10 -12] .
In this study, we aim to keep the climber at a desired constant libration angle in the transfer period. By analyzing the system dynamic, the proposed climbing speed of the climber is obtained. The proposed transfer speed is demonstrated by numerical simulations with a modifying control. The control can be realized by controlling the reel rate of the tether. The results show that the newly developed control method can be used to kept the climber at the desired angle. The simulation results also present that using the proposed control method, the end-body motion is also suppressed in the transfer period. Moreover, the control input is smooth overall, this is a good condition for the practical use.
II. DYNAMICS OF A PARTIAL SPACE ELEVATOR SYSTEM
Consider a partial space elevator system in an orbital plane of a circular orbit as shown in figure. 1. 
where
is the dimensionless time, 1 M and 2 M are the dimensionless mas of the climber and the end-body, respectively. 1 l and 2 l are the dimensionless length of the tether 1 and tether 2, respectively. 
Eq. (4) is the length accelerating section that denotes the impacts of the tensions along tethers on the changes of 1  and 2  . In the analysis, these two parts are regarded as system noise and ignored, thus, they are the main disturbances source that can be deal with the modifying control.
III. DYNAMIC ANALYSIS AND ANALYTICAL REEL RATE CONTROL DESIGN
A. Steady state during the moving of the climber The steady state solution of the system can be simply obtained by setting all first and second order derivatives to zero, such that,
To ensure climber's stable climbing with constant pitch angles, the stable libration angles can be obtained from the simple dynamic equations with ignoring the length accelerating sections, such as   
Thus, the system is robust when subjected to a bonded disturbance.
IV. CASE STUDIE
In this work, 1 tol and 2 tol are set zero, this equals to add dynamic errors,  is also suppressed although the control law is not designed to control it exactly. Figure 4 shows the control input. In the whole transfer period, the change of the reel rate is smooth generally, this is very good for the realization of the practical condition. The moving path of the climber is shown in figure 6 . In the mission program, the libration angle of the climber is kept at the desired angle generally, this matches the result shown in figure 2.
A. Case 1: V. CONCLUSION The dynamic and stable control of a partial space elevator in the transfer period is studied. By analyzing the system dynamic, the proposed climbing speed of the climber is obtained. The proposed transfer speed is demonstrated by numerical simulations with a sliding mode control with considering the input charting. The control can be realized by controlling the reel rate of the tether. The simulation results show that the newly developed control method can be used to kept the climber at the desired angle. The simulation results also present that using the proposed control method, the endbody motion is also suppressed in the transfer period. Moreover, the control input is smooth overall, this is a good condition for the practical use.
